The method of choosing a wireless access network in a heterogeneous environment based on the theory of fuzzy sets has been improved. This method allows for a centralized, well-founded decision to carry out a horizontal-vertical handover procedure based on a group of QoS-dependent criteria that depend directly on the properties of the radio interface of the network system. The method also allows adaptation decision-making rules, depending on different telecommunication conditions and network policies. A simulation model of the heterogeneous network has been developed. The model allows to automate investigation of the proposed method of selecting an access node based on the theory of fuzzy sets. The model enables configuration of a large number of simulation parameters using auxiliary mathematical models, in particular for describing and predicting user traffic processes.
Introduction
In a context of rapid global growth in traffic, the next generation mobile network should focus on customer needs to improve service quality. In order to adapt to the growing flow of information, modern approaches such as expanding the spectrum and deploying more base stations in the mobile network will no longer be relevant in terms of cost, scalability and flexibility. Such an increase in information traffic, due in large part to mobile video, social media, and various Internet of things services, forces mobile operators to seek innovative ways to manage networks in a context of limited spectral and backbone resources [8, 15] Telecommunication companies face the challenge of building networks that would be integrated at the most diverse levels, combining different standards and technologies, providing a seamless transition from one standard to another, as well as from one technology to another. These networks are called heterogeneous [9] [10] [11] [12] . However, in conditions of heterogeneity and co-operation of many operators, the priority task is to effectively manage common radio resources and ensure the transparent movement of the subscriber, including such mechanisms as mobility support, handover, QoS, security and charging. Handover in a heterogeneous network is a key feature that allows a subscriber to move seamlessly online. In this case, the horizontal handover is a sufficiently researched procedure and is usually based on the received signal strength (RSS). While the vertical handover is a more complex procedure due to the heterogeneous nature of different mobile networks, it needs to be improved to efficiently utilize network resources, maximize the quality of the services provided and user satisfaction [1] [2] [3] [4] [5] 17] . However, in most of the known works, the criteria for choosing radio access networks are limited to a few parameters that do not allow for many indices and parameters to be taken into account during the evaluation process and dynamically adapted to decision-making rules. To do this, is necessary to consider transitioning from the current architecture of mobile networks to a new paradigm, based on gathering and storing information in the datacenters for its further analysis and decision-making. That is why the topical issue is the management of networks managed by large data in a cloud environment, since data growth is still a major challenge for today's mobile infrastructure. However, for heterogeneous future networks, it should be noted that the deployment of distributed cloud infrastructure around each base station can lead to an increase in cost compared to a centralized solution, considering the presence of hundreds of cells in the mobile operator's network. Thus, the expansion of the spectrum of services, infrastructure and increasing volumes of traffic leads to solving the scientific task of increasing the efficiency of the wireless heterogeneous network and improving the quality of service for users by improving the method of adaptive selection of radio access network.
Methods and Techniques
The proposed method of adaptive selection of an access network in a heterogeneous environment includes three main components ( fig. 1 ): data collection, data normalization and decision making on switching [6] [7] . To perform intelligent service transmission decisions in a heterogeneous environment and provide a non-disturbing vertical transfer of service, the following parameters that are presented in table. 1 should be considered: Table 1 . Parameters evaluation for handover initiation process with Likert scale
The creation of such an intelligent vertical reception / transmission service algorithm is a rather complicated task due to the complexity of the service delivery and transition chain, the adoption of metrics, the modularity of the service transmission solution, the information inaccuracies, and interpreted issues. In this paper, fuzzy logic is proposed as an effective means for solving these problems, as well as a description of the decision and the logical conclusion were performed. A fuzzy logic applied system in general consists of three parts: normalization of input parameters, fuzzy knowledge base and normalized output parameters. As an incomplete method of representing knowledge, fuzzy logic is well suited for solving issues in practice, inaccuracies. Fuzzy logic is a multi-valued logic that deals with approximate considerations. This adds to the logical (Boolean) or ambiguous logic an important opportunity -to make decisions with imperfect information, that is, information that in one or several ways may be inaccurate, indeterminate, incomplete, inaccurate, or partially valid. Fuzzy logic consists of fuzzy sets and fuzzy set operations are used to draw conclusions on fuzzy logic.
After the normalization procedure, all parameters are translated into linguistic variables (terms) that can be compared directly, since the parameters will be reduced to a single reference database. The decision-making module simply processes the parameters of a wireless network, directly comparing them with the help of a fuzzy knowledge base to derive the optimal solution. ,1)). Also, we introduce a five-level scale of linguistic terms to assess the correlation between the relevant indicator of the network system and the criterion (1 -"very low", 2 -"low", 3 -"average", 4 -"high", 5 -"very high"), which allows to evaluate the value of the level of the corresponding criterion parameter on the scale of rice.
Lets form empiric coefficients of services importance regarding required quality of service for handover initiation using coefficients 1 B , 2 B , 3 B and 4
B , that can be in a range from 1 to 3, where higher value means higher importance of specific quality of service parameter for a particular service category. Table 2 . Services significance coefficient relative to others First, an influence of increasing load of each cell in all access network technologies on parameters that affect selection of access network when doing intellectual vertical handover is determined. Process of selection of optimal network will be performed in monitoring system of heterogeneous network using cloud technology and fuzzy logic Let's introduce parameter of node utilization capacity for particular wireless technology where m is a number of node of access system located in space, and n -technologies of wireless access. Let's assume that n=1 for LTE, n=2 for GSM, n=3 for UMTS. 
(2) where i is QoS parameter (see table 2) that is taken into account in the process of intellectual vertical handover.
Finally weight is obtained as a result of multiplying parameters weights (1-2) and coefficient of parameter importance regarding to requested service:
Where i B is coefficient of parameters importance regarding to service type requested by user (shown in , ,
-bottom level of linguistic variable, its basic value and top level respectively to TFN format (Triangular Fuzzy Number) see (Fig. 5) .
After determination of values of access node parameters in the process of node evaluation based on collection of indexes that characterize physical link to make an appropriate decision on handover procedure by air interface circumstances we operating with following parameters for which by default all weights equal to those defined in table 4: RSS, Load, Security, Velocity, Cost. In case of increasing weight and increasing of ρ, the weight of parameter is determined in accordance with table 3 by formula:
In case of decreasing weight and increasing of ρ, the weight of parameter is determined in accordance with table 3 by formula:
where k is a parameter of physical radio interface that is taken into consideration in the process of vertical handover.
Resulting weight is obtained as a result of multiplying parameters evaluations based on 
is triangular fuzzy number TFN that characterizes indicator of node parameter by k criteria for the node of m access system based of n technology. Here
is bottom level of linguistic variable, its basic value and top level respectively to TFN format (Fig.5) .
This way generalized evaluation of access node is determined as: 
Lets conduct defuzzification of obtained fuzzy number in accordance with [6] : 
Results and Discussion
Using the software implementation of the simulation model, we can implement not only all the necessary simulation functions, but also provide proper control over its process. The software allows us to use a graphical user interface, dynamically modify the model parameters, and thus evaluate the system behavior in a particular situation that may occur in a real service network platform. In addition, the software through the graphical interface allows you to watch in real time all the parameters of the model that can be executed using graphs, charts, lists and tables.
To study the operation of a mobile network system with a high level of user mobility, it is necessary to develop an imitation model using a large number of parameters and characteristics that allow describing existing network technologies using, respectively, mathematical, predictive and optimization models. Thus, in this paper a model of a heterogeneous network platform of wireless access, which automates the proposed method, was developed.
The simulation model contains a block of user behavior simulation that includes traffic generation. Formed objects-users are transferred to the "user manager". If the user only registers in the network and does not have active sessions, he is noted in the graphical interface of the model, as a thick gray dot. If the user has an active connection to the network, then it is marked with a color dot with the color depending on which network system it is connected to: GSM -green, LTE -blue, UMTS -pink color. The user in this model is presented as an object with a set of parameters such as: activity duration, motion vector, speed, location, distance to base stations (network access nodes), signal level from each base station (LTE, UMTS and GSM) (RSS) and other additional parameters necessary for the operation of the model.
To develop such software in this work, the programming language C ++ is based on Borland Builder C ++ 6.0 development environment was used. The main window of the program that implements the simulation in accordance with the created simulation model is shown in Fig. 6 . The interface contains a component for displaying the use of three base stations of GSM, UMTS type and three base stations of LTE type. Time characteristics of GSM,UMTS and LTE performance under the conditions of overload in heterogeneous system depicted in fig.3 -5. 6 demonstrate the utilization of cloud server that hold the software that is responsible for conducting intellectual vertical handover. Thus, using the capabilities and means of cloud service platforms, such calculations of the optimal choice of network system is provided within a few milliseconds. Figure 6 : Utilization of cloud server that hold the software that is responsible for conducting intellectual vertical handover
For each base station there is a program interface graph that displays registered and active users. In order to compare the performance of the system without an intelligent vertical handover and with it, the program model has the ability to disable this algorithm. Thus, the theory of fuzzy sets quantitatively demonstrates the difference between the QoS (delay and jitter) of real-time video services with a homogeneous and heterogeneous network [16] . For standard handover (serving cell is UMTS BS1) the delay is 1,9 sec. (fig.7a) and jitter is 1,4 sec. (fig.7b ). For proposed handover (serving cell is LTE BS1) the delay is 115 ms. (fig.7c ) and jitter is 20 ms. (fig.7d) . Based on the proposed solutions the following results was obtained for the access node BS1 (LTE network system fig.8b ). The proposed model of the heterogeneous network allows to investigate the process of optimization of the network infrastructure of a mobile operator by redistributing network resources and balancing the load by implementing the algorithm of the vertical handover.
Conclusions
To solve the problem of finding the optimal solution for a resource redistribution procedure when servicing users of wireless platforms of wireless access, a centralized method of choosing an access network for managing the handover has been proposed. The proposed method avoids ambiguity in the interpretation of fuzzy, ambiguous and subjective judgments in the process of multicriteria optimization. To study the processes of functioning of real heterogeneous network systems under the conditions of high mobility of users, an simulation model has been developed. This model includes the proposed mathematical model of the decision-making process for a vertical handover based on the use of fuzzy logic methods. This allows to configure a large number of simulation parameters using auxiliary mathematical models, in particular for describing and predicting user traffic (mobility), as well as distributing radio waves to the terminal equipment. The choice of the optimal network access node based on the solution of the multi-criteria decisionmaking task for the handover is non-trivial, since the results of this solution are influenced simultaneously by several dynamic and variables and interconnected factors. Therefore, their aggregation in accordance with the approaches proposed in the work is required. In an ambivalent situation, when the user is on the boundary of the cell's coverage, the proposed algorithm allowed to make a reasonable decision on the procedure of vertical handover, based on a group of QoSdependent criteria.
